Abstract-Nanowires functionalized by special molecules can be used to as the candidates for biological application in many areas.
INTRODUCTION
hybrid devices,
In the past decades, many researchers have been studying a wide range of motor proteins, such as myosin [1], dynein [2] , kinesin [3] , and ATPase (Adenosine Tri-Phosphate synthase). Of those motor proteins, the best characterized protein in terms of its atomic structure and biochemistry is ATP synthase [4] , ubiquitous in organisms from bacteria to man. It shows the similar structures, consisting of two rotary assemblies, Fa (ab2cn) and F1 ( a 3 f3 3 ¥ 6 E), connected by an common elastic shaft, subunit ¥. And it can couple the energy between catalytic sites on FI sector and transport proton in Fa sector. When ATP hydrolysis or synthesis occurs on the F 1 sector, the F1-ATPase motor can rotate in different direction. There are some researches to the basic physical principle of the ATPase [5, 6] . However, only the first atomic-level (0.28A) resolution structure of bovine mitochondria F 1 was obtained by Walker [7] , as well as a great deal of detail structural works [8] [9] [10] , were the understanding of F1-ATPase motor beyond the 'cartoon' stage to detailed calculation. Now, prevailing and accepted mechanism for single F1-ATPase motor is that ATP hydrolysis and synthesis linked the rotation of the F 1-ATPase occur on three catalytic sites. When hydrolysis of ATP on the F 1-ATPase, the mechanical rotational torque generated by chemical reactions drives the subunit, ¥, to rotate. Generally, one or more sites where a chemical reaction cyele takes place, are accompanied by the different conformations change of � subunits. Although the concepts above are all now well accepted, it is difficult in experimental realization. The initially direct and visual rotation is observed using a fluorescent actin filament attached to ¥ subunit observed by Yoshida and colleagues [11] . Later, many experiments, in 0-7803-9315-5/05/$20.00 ©2005 IEEE 556 which the actin filaments were used as propeller, were carried out to demonstrate the motor rotation [12, 13] . All those works of the molecular motors have shown great potential for wide applications in microelectromechanical systems (MEMS) or nanoelectromechanical systems (NEMS). Montemagno first constructed functional nanomechanical devices by integrating inorganic NEMS with organic F1-ATPase motors [14, 15, 16] .
As mentioned above, many researchers paid attention to the mechanism of ATPase motor rotation, and little work was carried out for the applications of molecular motors. The propellers generally were the fluorescent actin filament and the fluorescent bead of nanometer diameter. Montemagno used the PMMA coated with the nickel as propeller. Recently, nanowires fabricated by electrochemical deposition technique have been the remarkable nano materials for their unique properties [17 -19] , such as optical, electronic, magnetic properties. According to Montemagno [14] [15] [16] and Noji [11] [12] [13] , nickel is a special kind of metal to bind the F1-A TPase motor by his-tag. So the Ni nanowire can be attached to the F 1 ATPase to act as the propeller shown in Figure 1 . In this paper, the peptide was designed and synthesized with a sequence given by His-His-His-His-His-His-Cys-Gly-Asp-Gly, according to Montcmagno's work. In addition, thc nickel nanowires, fabricated using the electrochemical deposition technique, were used as the propellers of F1-ATPase motors. 
II. CONSTRUCTING THE HYBRID DEVICES

A. Preparing the nanowires
The electrochemical deposition technique was used to fabricate the propellers for F)-ATPase motors. In this paper, the templates for electrochemical deposition were formed by anodic oxidation of aluminum. First, a gold film was sputter-deposited on one side of the porous Ah03 template to serve as a working electrode. Second, the nickel nanowires were electrochemically synthesized into nanometer-wide pore of Ah03 template with a nominal pore diameter of 15nm. In this paper, the nickel wires were deposited from a solution of ImollL NiCI2'6H20, and 0.25 mollL H3B03, set to pH 3.4 at a potential of -0.7 V. The length of wires can be controlled by the deposition time. Here, the wires were therefore grown to 0.8�2.5).tm and the nanowires' average radius was a = 15 ± 0.8 nm, as determined by scanning electron microscopy (JEM-200CX). Figre 2 shows the STM picture of nickel nanowire. After the gold films on the templates were removed by tearing it using the adhesive tape, the nickel nanowires were removed from the templates by dissolving template in 5M NaOH at temperature of 400 C for 3 h, stirring occasionally. The wires were collected by centrifuging at 8000 rpm for 12 min and resuspended by sonication in 2 mL of the double distilled water. This collection was repeated at least twice till the 7.0 pH of the solution. Then, the biotinylated peptides labeled by the FITC were injected into the solution to bind of the peptides to the nickel nanowires. The biotinylated nanowires were washed with PB buffer and collected by centrifuging at 8000 rpm for 12min. This latter washing procedure was repeated twice with PB buffer, and the supernatant was stored in the PB buffer. Generally, aggregation and settling of the wires was observed under a variety of the procedures, and brief sonication is necessary to result in re-dispersion of the wire before attaching it to the F)-ATPase motors. 
B. Preparing the FrA TPase
The FI-ATPase, whose coding sequence was isolated from thermophilic bacterium, Bacillus PS3, was a kindly gift from Dr. Montemagno. According to Montemagno' work, site-directed mutagenesis was carried out that change 557 aCys-193 to be Ser, and change ySer-I07 to be Cys. Changing the y termination codon from TAG to TAA, and changing the y initiation codon from GTG to ATG is necessary to satisfy the experiment. In addition, a ten histidine (His) tag was inserted immediately downstream of the P initiation codon.
Thermophilic bacterium, Bacillus PS3, with ten histidine in j3 subunit was expressed and purified in according to Matsui's work. This purified process has several procedures as followed. The expressed strain was cultured in 2 X YT medium (AMP+) at 37" C for 3-4 h. When the value of Anno is between 0.6 and 0.8, the expression of the F)-ATPase was induced by addition of I mmollL isoprophylthio-13 -D-galactoside for 3 h. Then, the products were collected after centrifuged at 4000 X g for 15 min. The resuspension of products at a 50 mmol/L Tris-HCl buffer set to pH 8.0 were added 1 mg/mL of the lysozyme to react at 40 C for 30 min, followed by sonication in buffer A (50 mmollL Tris-HCl set to pH 8.0, 0.5 mollL NaCI and I mmol/L phenylmethan sulphonyl fluoride). The final extracts were incubated at 600 C for 30 min, and purified by using Ne+-NTA affinity chromatography at 4 0 C. Then, the final products were obtained and were biotinylated immediately after purification.
The reagents, Pyruvate kinase, phosphoenolpyruvate, L-lactic dehydrogenase, Dicyclohexylcarbodiimide (DCCD), efrapeptin, Oligomycin, ATP, ADP, NADH, FITC and Glucose were all purchased from Sigma. Isoprophylthio-13 -D-galactoside was available commercially from Bebco. ATPase yields were determined by luciferin/luciferase kits purchased from LKB. Maleimido-C3-N TA was purchased from Dojindo (Japan). Other analytically purified reagents were all purchased domestically.
III. RESULTS AND CONCLUSIONS
In order to observe the rotation of F I-ATPase motor, several procedures should be followed to functionalize the glass surface. The glass cell (bought from Coring Inc.) was cleaned by piranha solution (a mixture with 3:7 v/v of 30% H202 and 98% H2S04) for 25 min, and washed with the double distilled water three times. After the glass disk dried in the oven, 5.54ug/L cellulose was injected into glass disk for ten minutes. Then the Ni-NTA was added into the glass disk for 2 hours. Subsequently, NhS04 solution was injected into glass cell for half an hour. And the bovine serumalbumin, BSA, was coated for 8 hour at 40 C, after that the cell was washed by Bufferr B for three times. Then, the coupling of F)-ATPase to functionalized surface provides the fixed engine for hybrid system. This glass cell was immersed in a solution of streptavidin for half an hour. Before every binding procedure, Buffer B (lOmmol/L Hepes-NaOH set to pH 7.2, 25 mmollL KCl, and 5 mmollL MgCI2) should be used to wash away the free material in last procedure. After the nanowires functionalized were added to the glass cell, and the free nanowires were removed by Buffer B after several minutes, the solution, dissolving ATP, PEP and PK, was injected and the rotation of nanowire driven by FI-ATPase motors was observed by microscopic and recorded by using a charge-coupled device (CCD) video camera. Figure 3 shows the video microscopy images sequence of nanowire rotation driven by F1-ATPase motor. Using this rotation system, the rotation of nickel nanowrie driven by F1-ATPase motor was observed. In experiments, some 1200 steps including occasional back steps during the rotation were observed the same as Noji's experiments showed at lower ATP concentration. And the rotation of the propeller at lower ATP concentration is lower than at high ATP concentration. Figure  4 shows the cumulated angle vs the time. And inset shows the rotation speed vs the different length of propeller. Fig. 5 shows the rotational speed in revolutions per second versus the length of the nanowires. The highest rotational speed of the nanowires observed in our experiments was 1.1 revolution/s. The frequency of the rotation of nickel propeller was lower than that of the flours cent actin filement attachment when F 1-ATPase motor was directly connected to the N?+ -NTA bead by Noji, and that of F1-ATPase motor done by Montemagno [14] [15] [16] . According to the equation of the drag torque, To summarize, we first used the nanowires fabricated by using the electrochemical deposition technique as the propellers of F1-ATPase motor. The propellers can be easily synthesized by electrochemical deposition technique, and functionalized by using the peptides. The functionalized nickel nanowires can bind to the F1-ATPase motors, and the rotation of propellers driven by F1-ATPase motor was observed when the ATP was injected into the glass cell. Although, nanowires can assemble together due to electrostatic forces, further experiment conditions should be modified to make the rotation of F 1-aseATP easer. 
